Background: Poland syndrome is a congenital malformation characterized by ipsilateral hand and chest wall depression, including an absence or hypoplasia of the breast and pectoral muscles. These hypoplastic defects are reportedly caused by a subclavian artery supply disruption sequence. Case presentation: A 45-year-old Japanese woman, an out-patient, underwent an emergency examination for intense left lower abdominal pain. Computed tomography images revealed a hydronephrotic left kidney and dilatation of the left ureter. No ureteral calculus or neoplasm was found. In addition, no abnormalities connected to her left abdominal pain were found. Nephritis was diagnosed based on the results of urine analysis, and a course of antibiotics was administered. Computed tomography images also revealed a history of breast reconstruction with a custom-made silicone implant in her right breast. The present case showed symptoms of Poland syndrome, which were absence of the sternal head of the right pectoralis major and asymmetrical malformation of the chest wall due to hypoplasia of the right rib cage. In addition to typical Poland syndrome symptoms, she had hypoplasia of her right kidney, hypoplasia of the right gluteus minimus muscle, right-sided pelvic hypoplasia, spinal curvature to the right, and a cystic mass in her right ovary. Conclusions: In the present case of Poland syndrome, computed tomography images revealed malformation of the chest wall, absence of the pectoral muscle, and hypoplasia of a left kidney. Unilateral visceral hypoplasia is reported to be caused by a subclavian artery supply disruption sequence that occurs around 7 to 8 weeks of gestation. The present case can be considered a rare atypical phenotype of Poland syndrome with possible subclavian artery supply disruption sequence with internal iliac artery supply disruption.
Background PS (OMIM 173800) was originally described in 1841 by Alfred Poland presenting a 27-year-old patient with complete unilateral absence of the sternal head of the pectoralis major muscle and ipsilateral symbrachydactyly [1] . The Poland anomaly has an estimated incidence of 3-16 per 100,000 population, is more common among males (male-to-female ratio, 2 or 3:1), and reportedly manifests on the right side of the body in approximately 75% of the cases [2] [3] [4] . A range of other abnormalities have been recorded together with the Poland anomaly. These abnormalities include unilateral absence of the sternal head of the pectoralis major muscle [5] , unilateral hypoplasia of the gluteus maximus in muscles in lower extremities [6] , ipsilateral renal hypoplasia or agenesis [3, 4, [7] [8] [9] [10] [11] , hypoplastic ribs [12] , Sprengel's deformity of the scapula [13] , and phalangeal aplasia. These hypoplastic defects are reportedly caused by a subclavian artery supply disruption sequence (SASDS) and external iliac artery supply disruption, which occur in a similar period around the seventh to eighth week of gestation [14] . We report a rare case of an atypical phenotype of PS with possible hypoplasia of the right gluteus minimus muscle and novel internal iliac artery supply disruption.
Case presentation
A 45-year-old Japanese woman, an out-patient, underwent an emergency examination for left lower abdominal pain. She was in her usual state of good health until 1 day ago when she noticed the gradual onset of abdominal pain. Over the last 12-24 hours, she noticed it more in the left lower quadrant. Pain did not radiate, but stayed localized in the costovertebral angle (CVA) when her back was clapped. She had not noticed any fever, chills, or night sweats. She reported anorexia. She was not pregnant; she was not menstruating. She had no past medical history except for mammoplasty. No diseases run in her family. She drank alcohol occasionally; she did not smoke tobacco or use illegal drugs. She worked as an office worker. The physical findings were absence of the sternal head of the right pectoralis major (Fig. 1a) and protrusion of the right scapula (Fig. 1b) . She reported right-sided weakness and presented symptoms of glaucoma. There were no symbrachydactyly on right hand and no signs of neurological disorders. She had been aware of an underdevelopment of one breast since infancy, lack of right underarm hair, difficulty exerting strength on the right side of her body, and feeling fatigue mainly on the right side when in a supine position.
Computed tomography (CT) images revealed a hydronephrotic left kidney and dilatation of the left ureter. No ureteral calculus, neoplasm, or obstruction was found, and no abnormal findings that would explain her left abdominal pain were identified. Other CT findings were absence of the sternal head of the right pectoralis major, asymmetrical malformation of her chest wall due to hypoplasia of the right rib cage (Fig. 2) , a shortened sternal body and anomaly of the xiphoid process (Fig. 3) , spinal curvature to the right (Fig. 4) , hypoplasia of the right ilium (Fig. 5) , advanced atrophy of her right kidney (Fig. 6) , hypoplasia of the right gluteus minimus (Fig. 7) , and cystic mass in her right ovary (Fig. 8) . Contrast-enhanced CT revealed a disruption of her right internal iliac artery (Fig. 9 ). Blood examinations revealed no abnormalities. Urine analysis revealed leukocytosis but no urinary blood. Nephritis was diagnosed and antibiotics were prescribed. She is currently showing improvement and receiving out-patient treatment. She has recently been on the verge of developing glaucoma and is seeing an ophthalmologist.
Discussion and conclusions
PS is three times more common in males than females [15] ; it is most commonly a sporadic condition [16] and no familial history is evident. Our present case (female) had no familial history for PS but showed widespread hypoplasia on the right side. However, unlike other reported cases so far, no unilateral digital hypoplasia or brachysyndactyly was found, and no concomitant Moebius syndrome [17] was evident. The cause of Poland anomalies with absence of the pectoral muscle but without hand abnormalities found in the present case is unclear. Typically, PS is known to present reduced thoracic vasculature on the affected side [1] . The pathological mechanism in the development of PS is considered to be a result of interruption of the early embryonic blood supply to the subclavian artery [18] , and this blood supply interruption is inherited as an autosomal dominant trait: OMIM 173800 [19] . A potential underlying genetic link between 10p13-14 duplication, PS, and congenital hyperinsulinemia is suggested [20] . In addition, PS has been reported in association with a de novo deletion of 11q12.3 in monozygotic twins [21] . However, the underlying genetic etiology of PS is not known.
Recent studies suggested an association of Moebius syndrome [17] , Klippel-Feil syndrome, and Sprengel (congenital elevation of the scapula) anomalies with PS [14] and isolated absence of the pectoralis major with breast hypoplasia by investigating the embryonic development of the internal thoracic artery and cerebral arterial system. Each of these defects is suggested to result from the interruption of the early embryonic blood supply around the 37th to 42nd day of embryogenesis. This blood supply interruption was suggested to involve the subclavian artery, vertebral arteries, and their branches, and described as SASDS [14, 22, 23] . The present case presented isolated absence of the pectoralis major without limb defects possibly caused by the lack of sufficient blood supply to the subclavian and vertebral arteries during the embryonic stage.
Also, in the present case, CT images revealed hypoplasia of the right subclavian artery and curvature of the spine resulting from disruption of the vertebral arteries. Atrophy of the right gluteus minimus and hypoplasia of the right ilium were also observed. In previous studies, cases with a possible lower-extremity counterpart of the Poland sequence with unilateral hypoplasia of the gluteus maximus and pectoralis major were reported [6, 24, 25] with possible involvement of the disruption of the external iliac artery supply analogous to that of the subclavian artery supply. In the present case, the internal iliac artery was not bifurcated into the superior and a b Fig. 3 Anomaly of the xiphoid process (white arrow). a CT; b three-dimensional CT Fig. 4 Curvature of the spine (white arrows) Fig. 5 Hypoplasia of the right ilium (white arrows) inferior gluteal arteries, and blood appeared to be supplied by collateral circulation. In addition, renal hypoplasia was observed in this case. A previous study reported a case of hypoplasia of the right pectoralis major and the right kidney caused by a fetal mesodermal defect [6, 11] . Our present case also showed atrophy of the right kidney possibly due to the disruption of the kidney arterial supply (Fig. 6) [11, 26] . As for the ovarian cyst found in this case, the underdevelopment of the Müllerian ducts due to an internal iliac artery supply disruption formed at 7 to 8 weeks of gestation may be a possible mechanism for its development.
Our present case indicates the importance of screening for internal organ anomalies when encountering patients with PS. In this case study, we have described a patient with PS with renal hypoplasia and atrophy of the gluteus minimus. Such anomalies have reportedly been caused by SASDS and external iliac artery supply disruption in the upper and lower body, respectively, occurring at a similar time around the seventh to eighth fetal week. Here we present a rare case that can be regarded as synchronous SASDS and internal iliac artery supply disruption. She brings up a child alone and is not rich enough economically to have a genetic test. We asked her to go to a hospital again if she had abdominal pain. She may receive artificial kidney dialysis in future, as the function of her kidney decreases. Therefore we are going to submit an application to local government so that national and local governments provide subsidies to patients with PS who have genetic disease like this patient. Fig. 9 Hypoplasia of the right internal iliac artery. 1 abdominal aorta, 2 right common iliac artery, 3 left common iliac artery, 4 right internal iliac artery, 5 left internal iliac artery, 6 right external iliac artery, 7 left external iliac artery, 8 iliolumbar artery, 9 superior gluteal artery, 10 lateral sacral artery, 11 umbilical artery, 12 obturator artery, 13 inferior gluteal artery, 14 internal pudendal artery, 15 middle rectal artery, 16 inferior rectal artery
